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6,7-Dichloro-5,8-quinolinedione (DQQ) and HQ Cl
The synthesis of DQQ was carried out according to a procedure reported by Mulchin et al. [7] Sodium chlorate (53 g, 500 mmol) was added portionwise over a period of 1 h into a stirred mixture of 8-hydroxyquinoline (14.5 g, 100 mmol) in HCl (38%, ca. 600 mL) at 40 °C and the reaction mixture was stirred for 2 h. The reaction mixture was then diluted, filtered to remove the white precipitate and the filtrate was extracted with CH 2 Cl 2 (6 × 250 mL). The organic layers were combined, dried with Na 2 SO 4 and concentrated in reduced pressure to afford the crude product as a yellow-orange solid. Recrystallization in various alkyl alcohols (MeOH, EtOH, i-PrOH or n-BuOH) afforded DQQ as a bright yellow powder (3.89 g, 17%) and HQ Cl side products. Mp. 218-219 °C (Lit. [7] 219-221 °C). R f = 0.63 (EtOAc) Chlorido(7-chloro-8-hydroxyquinolinolato-5,6-dione-κN1,κO8)(η 6 -p-cymene)ruthenium(II), 1.
The synthesis was performed according to the general procedure using DQQ (200 mg, 
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Chlorido(7-chloro-8-hydroxyquinolinolato-5,6-dione-κN1,κO8)(η 6 -p-cymene)osmium(II), 2.
The synthesis was performed according to the general procedure using DQQ (100 mg, 
Pulse radiolysis studies of DQQ, 1-5
To ensure sufficient aqueous solubility for pulse radiolysis experiments, the compounds were either dissolved in 10 M 2-propanol (ISP) as stock solutions at a concentration of 1 mM and then diluted 1:10 to give 100 µM in 1 M ISP as a working solution, or made up directly in 1 M ISP. All solutions were sonicated and slightly warmed to ensure dissolution. The pH of all working solutions was controlled at pH 7.0 by adding 2.5 mM phosphate buffer and purged free of oxygen with N 2 O gas. Such a system produces the 2-propanyl radical as the reductant upon irradiation. Pulse radiolysis using 4 MeV electrons instantaneously breaks down water into oxidising and reducing radicals and molecular products of known yields (yield given as µM·Gy -1 ). [9] H 
Under the above high radical scavenging conditions, the radical yield of the CO 2 ·-radical is slightly increased to 0.68 µM Gy -1 . [10] Comparing the absorption per gray of one-electron reduced methylviologen at 600 nm by the CO 2 ·-radical with that of the 2-propanyl radical, under the above condition, gave the yield of 2-propanyl radical as 0.56 µM Gy -1 (data not shown). Hence for a typical radiation dose of 3 Gy in 200 ns, 1.68 µM reducing 2-propanyl radicals are produced and used to reduce added substrates.
The formation and decay of radical spectra were measured by time-resolved spectrophotometry as previously described. [11] The 2-propanyl radical reacted with the compounds, k = 1.8 ± 0.2 x 10 9 M -1 s -1 , to produce radical spectra, which are presented as the change in absorption relative to those of the unreduced compounds. One-electron reduction potentials, E(1), were determined by establishing redox equilibria between ≥4 mixtures of the compounds (S + ) and quinone redox indicators (Q) of known E(1) (methylbenzoquinone, MeQ, +23 ± 10 mV, and 2,6-dimethyl-benzoquinone, diMeQ, -80 ± 10 mV), [12] using the Nernst equation to calculate ΔE, allowing for ionic strength effects, E cor , using
Debye-Hückel theory. 
